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ABSTRACT

Due to the high risk of global warming from the increased level of energy consumption, 
energy sustainability is increasingly practised around the world especially in the residential 
sector. Attempts to save energy in hot-humid climates however, are mainly through improved 
mechanical cooling. Consequently, residential buildings are built to be air tight and they are 
provided with insufficient opening areas for natural ventilation which in turn, results in the 
deterioration of indoor air quality (IAQ). Previous studies on IAQ with respect to ventilation 
rates are mostly on indoor concentrations of contaminants and various diseases associated 
with them. Detailed studies on openings and their impact on delivered ventilation rates are 
still limited, particularly in hot-humid climates. This study investigates natural ventilation 
provisions in different house design types in Putrajaya, Malaysia with respect to the Uniform 
Building By-Law (UBBL) governing them. Five terrace house design types were selected, 
of which two were found to be non-compliant with UBBL 10% window area requirement. 
Simulations were conducted using the Integrated Environment Solution (IES<VE>) 
software and the results reveal that house types complying with the UBBL requirements 
exhibit higher ventilation rates and a longer duration of leaving windows open is found to 
improve ventilation rates. This paper informs regulatory stakeholders, designers and clients 
of the residential building sector of the impact of open designs on occupants’ health and 
the importance of UBBL compliance and enforcement. This study further emphasises the 
need for occupants to increase the duration of leaving windows open and to embrace night 

ventilation as a means of improving natural 
ventilation in their homes.

Keywords: Hot-humid climate, Indoor Air Quality, 
natural ventilation, residential buildings, terraced 
houses, Uniform Building By-Law, ventilation rates, 
window openings
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INTRODUCTION

Energy sustainability is one of the strategies 
aimed at tackling the issue of climate 
change. With the world’s dependence 
on energy for everyday life, the rate of 
energy consumption was reported to be on 
a rapid increase, that is expected to reach 
53% in the year 2035 (Smith et al., 2011). 
Research findings revealed that 40% of 
energy use is accounted for in buildings 
and it is mostly for heating, cooling, 
lighting and operating electrical equipment 
(Santamouris, 2005; Chan et al., 2009). For 
residential buildings in hot-humid climate 
region such as Malaysia, occupants were 
reported to depend highly on mechanical 
cooling technologies to achieve comfort 
(Kubota et al., 2009). Consequently, the 
Malaysian residential sector is ranked 
third in the national list of electricity 
consumption (21.4%) after commercial 
sector (34.3%) and industrial sector 
(43.8%) (Malaysian Energy Commission, 
2011). In line with this realisation, Kubota 
and Ahmad (2005) recommended for the 
number of air-conditioners owned by 
Malaysian households and the duration 
of air-conditioning operation to be 
greatly reduced. In addition, the need to 
further reduce energy consumption in the 
residential sector has resulted in houses 
being designed and built to be air tight to 
prevent leakage of cool draft through the 
building skin (Nielsen & Drivsholm, 2010; 
Lee et al., 2012). 

Air tightness in buildings potentially 
limits the free passage of air in and out of the 
indoor environment, causing a reduction in 

ventilation rates (Nantka, 2006). Previous 
studies (Guo et al., 2008; Zuraimi & Tham, 
2008; Aizat et al., 2009; Fisk et al., 2009; 
Lee et al., 2012; Sun & Sundell, 2013) have 
shown that this reduction in ventilation rates 
results in the deterioration of the indoor air 
quality (IAQ), which consequently leads to 
various health-related issues such as sick 
building syndrome, occurrence of asthma 
and other respiratory diseases. Marr et 
al. (2012) argued that ventilation rates 
could be affected by natural ventilation 
through window openings, and the 
level of the effect is determined by the 
provided window opening area, as well 
as the frequency of opening the windows. 
Yamamoto et al. (2010) expressed similar 
views when he asserted that natural 
ventilation through window openings and 
doors were more likely to increase the air-
change rate (ACH) in residential buildings. 
However, he concluded that ACH could 
be reduced when air-conditioning is being 
used. Hence, it is sensible to suggest that 
window openings play an important role 
in improving the rate of ventilation, which 
can induce a significant effect on both air 
quality and thermal comfort in buildings 
(Daghigh, 2009; Kubota et al., 2009; Lee 
et al., 2012; Marr et al., 2012). 

Studies related to the impact of window 
openings on IAQ in terms of delivered 
ventilation rates for contaminants control 
have been conducted all over the world. 
For example, Lee et al. (2012) found 
that restricted ventilation during cooking 
activities had resulted in poor IAQ, 
with the average carbon dioxide (CO2) 
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concentration greater than 1000ppm. 
Wong and Huang (2004) on the other hand, 
had measured the CO2 level of residential 
bedrooms during sleeping hours and 
they had recorded a higher level of CO2 
concentration in air-conditioned bedrooms 
compared to bedrooms that were naturally-
ventilated. A high level of indoor CO2, as 
reported by Sekhar and Goh (2011) could 
result in interrupted sleep among residents. 
The high level of indoor contaminants could 
be associated with high level of outdoor 
contaminant concentrations coupled with 
high residential density (Zuraimi & Tham, 
2008). These indoor contaminants can be 
reduced by increasing the ventilation rates 
through natural ventilation (Guo et al., 
2008; Zuraimi & Tham, 2008). 

Series of investigations into the IAQ 
of residential buildings in hot-humid 
climate, particularly in Malaysia, has been 
conducted. For instance, Muhamad-darus 
et al. (2011) and Ahmed et al. (2004) 
studied naturally-ventilated Malaysian 
terrace houses and discovered the 
contributing factors of IAQ. These include 
the number of occupants, sizes of room, 
house design type, household activities, 
ventilation systems and the house location. 
Hassan and Ramli (2010) analysed the 
level of performance of natural ventilation 
in a traditional Malay house in Penang, 
Malaysia. The study showed that large 
window openings on the building walls 
facilitated high air intake into the house. 

These studies further revealed the 
factors influencing IAQ in residential 
buildings and the varying levels of 

contaminants between naturally and 
mechanically-ventilated buildings. 
However, it remains unclear whether the 
natural ventilation provisions (window 
openings) in Malaysian houses are 
sufficient for optimum ventilation rate. 
It is also unclear whether these houses 
are in compliance with the Uniform 
Building By-Laws (UBBL), 1984 (Laws 
of Malaysia, 2008). The By-Laws are sets 
of standardised building regulations for the 
whole of Malaysia and applicable to all 
local authorities and building professionals. 
Specifically, the UBBL law 39(1) states 
that: “Every room designed, adapted or 
used for residential...shall be provided with 
natural lighting and ventilation by means of 
one or more windows having a total area of 
not less than 10% of the clear floor area of 
such room and shall have openings capable 
of allowing a free uninterrupted passage of 
air not less than 5% of such floor area.”

This paper aims to fill this gap by 
investigating natural ventilation provisions 
in residential buildings in the hot-humid 
climate of Malaysia, taking into account 
window openings in all living spaces under 
different house design types. The specific 
objectives of this paper are: 1) to identify 
natural ventilation provisions in different 
house design types; 2) to reveal the extent 
to which these provisions conform to the 
UBBL requirements; 3) to measure the 
natural ventilation rates of the selected 
house design types through computer 
simulations. 

This paper intends to reveal the 
difference in the actual delivered ventilation 
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rates between residential buildings with 
UBBL compliant openings and those with 
non-compliant openings. It also intends to 
show the effect of opening windows for a 
longer period on indoor ventilation rates. 
It is anticipated that the results would 
facilitate cultural awareness and sensitivity 
among designers and building regulators in 
conforming to the law governing natural 
ventilation. Added to this, the results of 
this study could enlighten occupants on the 
importance of leaving windows open for a 
longer duration as a means of improving 
natural ventilation in their homes. This 
article first explains the method used in the 
study, followed by results and discussion. 
The paper concludes with some thoughts 
on the importance of sufficient openings 
for optimum natural ventilation and some 
recommendations for future research.

METHODOLOGY

The methodology used for this study 
was computer modelling, which mainly 

involved a computer simulation process 
on case study houses. This was mainly 
done using the Integrated Environmental 
Solution (IES<VE>) software version 
2012. A set of controllable input or 
independent variables were combined to 
produce an output variable also known as 
the dependent or response variable. The 
independent variables considered were 
“opening sizes” (UBBL and non-UBBL 
compliant) and “the duration of opening 
windows”, while the dependent or output 
variable was the “airflow in (in litres per 
seconds)” from which the ventilation rates 
were calculated. For this study, the results 
obtained for the ventilation rates are purely 
based on computer simulation.

This study focuses on terraced houses 
as statistics indicate that these houses 
are the largest housing type built in 
Malaysia (see Fig.1). Furthermore, natural 
ventilation in terraced houses is more 
restricted compared to other house types 
as window openings are limited to only 

Fig.1: Malaysian housing stock ( SeoRyungJu and Bin Omar, 2011).
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two external walls (with the exception of 
end units). The living spaces included in 
the study were living/dining room, kitchen 
and bedrooms as they are considered as the 
main occupied areas in a house. 

Study Area

Being the new Federal Capital Territory of 
Malaysia, Putrajaya has residential zones 
that constitute the second largest major land 
use, thus making it suitable as the study area. 
Furthermore, houses in Putrajaya are mainly 
in the condition they were built in as the local 
authority places restrictions on renovating 
the properties for the purpose of maintaining 
the uniformity of the overall designs. This 
ensures that all units under each design 
type selected for the study have similar 
characteristics. Of the 14 residential precincts 
in Putrajaya, Precincts 11 and 14 are among 
those with the largest number of terraced 
housing units and designs. Terraced houses 
from these two precincts were therefore 
selected for the purpose of this study. 

Sample Selection and Design Review

Site visits were conducted in both Precincts 
11 and 14, where the main objective behind 

the visit was to identify different terraced 
house designs with varying window types, 
sizes, patterns and locations within the house. 
During the visit, five distinct designs were 
identified and adopted as case studies for this 
study. These five distinct designs are P11A2 
and P11A5 in Precinct 11 and P14B, P14E 
and P14F in Precinct 14. Fig.2 is a pictorial 
display of the five selected terraced houses 
design types, whereas their classification and 
total number of units are shown in Table 1.

All selected house design types were 
double-storey terraced houses and had a 
total number of four bedrooms. Living/
dining room (with no partition separating 
the living and dining rooms), kitchen and 
bedroom 3 were located on the ground floor, 
while the master bedroom, bedroom 1 and 
bedroom 2 were on the first floor. Each unit 
of house types 1, 2, 3, 4 and 5 had a built 
up area of 105.16m2, 93.94m2, 153.30m2, 
129.93m2 and 166.44m2 respectively. 
All the house types had a floor-to-ceiling 
height of 3.30m for the ground floor and 
3.10m for the first floor making a total of 
6.40m. The total floor areas of the studied 
living spaces (living/dining room, master 
bedroom, bedroom 1, bedroom 2, bedroom 
3 and kitchen) are shown in Table 2.

Fig.2: Five types of terraced house design. 
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TABLE 1
Design Classification of House Types and Their Total Number of Units

Precinct Precinct 11 Precinct 14
Design type P11A2 P11A5 P14B P14E P14F Total
Design classification Type 1 Type 2 Type 3 Type 4 Type 5
Total units 136 215 94 120 84 649

TABLE 2
Total Floor Area of Living Spaces in All House Design Types

Type 1 Type 2 Type 3 Type 4 Type 5

Living spaces Floor area 
(m2)

Floor area 
(m2)

Floor area 
(m2)

Floor area 
(m2)

Floor area 
(m2)

Living/dining room 35.64 29.59 35.96 30.36 31.27
Master bedroom 13.65 19.49 20.83 12.87 18.65
Bedroom 1 17.16 12.14 16.21 12.12 15.8
Bedroom 2 12.96 13.83 11.64 12.83 16.56
Bedroom 3 9.56 4.99 8.91 7.48 7.38
Kitchen 12.1 8.93 12.98 11.12 12.55
Total 101.07 88.97 106.53 86.78 102.21

Among all of the house types, only 
type 5 had an internal courtyard included 
in its design. According to Sadafi et al. 
(2008), an internal courtyard helps to 
improve the ventilation of terrace houses 
as window openings facing the courtyard 
facilitate temperature differences between 
indoors and outdoors. With the exception of 
house type 5, all house types had balconies 
attached to the master bedroom on the first 
floor.  The balcony in house type 5, however, 
was attached to the family area, which was 
also located on the first floor. The living 
spaces of all house types had casement 
window type of varying sizes; in some 
cases, awning window types were installed 
at the top of each casement. Apart from the 
architectural design, the difference between 
these house types was in the ratio of their 
window openings for ventilation provisions 

and wall area, as required by the UBBL, 
(Laws of Malaysia, 2008) law 39(1). 

Once all window types had been 
identified, windows were then grouped 
according to the living space and the house 
type to which they belonged. Then the total 
area of window opening (width x height) was 
calculated for each living space. The total 
area of living spaces of each house design 
type was also recorded. Consequently, 
the window/floor area percentage was 
calculated using the following formula:

 % window/floor area (%) = window 
area (m2)/ Floor area (m2) x 100…. (1)
 

Computer Simulation

To predict airflow and ventilation 
performance in buildings, the use of a  
suitable tool or model is essential. 
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Furthermore, the tool or model should be 
capable of giving a reasonably accurate 
prediction. Therefore, the study used 
the Integrated Environmental Solution 
(IES<VE>) software version 2012 as the 
modelling tool for simulating the airflow 
through each opening in all of the studied 
living spaces. Based on a research study 
conducted by Attia et al. (2009) and Behrendt 
et al. (2011), IES<VE> was selected as the 
most suitable simulation software after it 
was compared with other available software. 
Consequently, its validity was ascertained 
by Leng et al. (2012) after comparing results 
from a field study with simulation results 
from IES<VE> during a ventilation study. 
IES<VE> has been used in different studies 
(Mohammadi et al., 2010; Sadrzadehrafiei 
et al., 2011) for various environmental 
analyses. For the simulation to be carried 
out in this study, three sequential stages 
of procedures were performed to ensure 
the reliability of the results and these are 
explained below.

Stage 1: Geometry generation. The first 
stage was geometry generation, which 
involved creating the house geometry, 
assigning the site orientation and site  
location, and specifying the appropriate 
weather data. The design geometry of 
all five buildings were drawn in the 
“ModelIT” IES<VE> interface. All building 
components (e.g. openings, floors, partitions 
and roofs) were incorporated in the generated 
geometries to create the replicate of the real 
buildings as accurately as possible.

The data inputs for the present 
simulation in the “ModelIT” IES<VE> 

interface include: site orientation, site 
location and weather data. The weather 
data in IES<VE> was assigned in the 
“APLocate” module located in the 
“ModelIT” IES<VE> interface. APLocate 
is the weather and site location editor of 
IES<VE>. From the APLocate interface, 
it was possible to choose a location from 
an extensive database and guidance was 
provided on how to define weather data for 
various locations. 

Standard simulation weather files 
were sourced from various locations and 
converted into the standard FWT file 
format for IES<VE> database. Some of 
these files i.e. weather data for a period 
of over 30 years were obtained from the 
meteorological offices. For the purpose 
of this study, weather data from the Kuala 
Lumpur Subang weather station was 
selected as it is the closest weather station 
to the study area. The weather station has 
geographic coordinates that lie between 
latitude 3.120N and latitude 101.550E. 
Table 3 shows the weather data summary 
of Kuala Lumpur Subang specified in 
IES<VE> APLocate. This reveals that the 
highest temperature was witnessed in the 
month of March (35.10C) and the lowest 
in the months of November and December 
(33.20C). 

Fig.3 presents the wind data obtained 
from IES<VE> APLocate. It indicates that 
the prevailing winds were from the North 
and Northeast and the lowest wind speed 
was between 0-3 m/s. Consequently, the 
generated geometries were orientated 
facing the North. 
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TABLE 3
Monthly Dry and Wet Bulb Temperature, Kuala Lumpur Subang (Integrated Environmental solution, 2012)

Months
Minimum dry bulb 
temperature (0C)

Maximum dry bulb 
temperature (0C)

Maximum wet bulb 
temperature (0C)

January 25.50 34.00 24.50

February 25.80 34.80 24.90

March 26.40 35.10 25.20

April 26.50 34.90 26.20

May 26.90 34.80 26.30

June 26.00 34.20 25.40

July 26.00 34.00 25.40

August 26.10 34.10 25.30

September 26.00 34.00 25.20

October 26.10 34.00 25.50

November 25.60 33.20 25.60

December 25.60 33.20 25.00

Mean 26.04 34.19 25.38

Fig.3: Wind rose, Kuala Lumpur Subang, Malaysia (Integrated Environmental solution, 2012).
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Stage 2: Natural ventilation analysis. 
In the second stage, natural ventilation 
analysis was performed in the Macroflo 
IES<VE> module. In this stage, opening 
characteristics i.e. opening types, opening 
category and opening angle and direction, 
were assigned in the MacroFlo ‘opening 
types manager’ interface. The duration for 
which the windows were left open was 
specified. Subsequently, the heating and 
cooling profiles in the ‘Building template 
manager’ were turned off to keep the 
simulation in full natural ventilation mode. 

Stage 3: Running the simulation. Finally, 
the simulation was run in IES<VE> 
ApacheSim. Here, the mode of simulation, 
output parameters, the required space for 
the simulation and the duration (1 January 
to 31 December) were assigned. Among 
the many rows of units in each house 
design type, an intermediate house unit was 
selected to be simulated. For this study, 
two different simulations were performed: 
1) simulating when the windows were left 
open during the daytime (6:00 AM to 10:00 
PM every day), and 2) simulating when 
all windows were left open at all times 
(24 hours every day). This decision was 
informed by the survey results of Kubota 
and co-authors (Kubota & Ahmad, 2005; 
Kubota, 2006; Kubota et al., 2009), who 
revealed that the majority of residential 
building occupants in Malaysia left 
their windows open mostly during the 
daytime (from morning to evening). These 
approaches were adopted in order to reveal 
the difference in air flow introduced by the 
openings under these two scenarios. 

Result Viewer 

The simulation results i.e. volume of air 
flow in (in litres per seconds) through each 
opening in all house types for the period of a 
year, were viewed from the Vista interface. 
The results were viewed in tabular form from 
the IES<VE> vista result viewer. The mean 
volume of air flow in (in litres per seconds) 
was then calculated using a Microsoft excel 
spread sheet. From this, the total volume 
of air in each living space was added up. 
Consequently, the air flow in (in cubic metre 
per hour) for each studied living space was 
calculated using the following formula:

 Air flow in cubic metre per hour (m3/h) 
= Air flow in litres per seconds (l/s) x 
3.6…………………       (2)

Therefore, the Air Changes per hour 
(ACH) for each studied living space was 
calculated as:

 Air Changes per hour (ACH) = Air  
flow in cubic meter per hour (m3/h) 
/ Floor area in cubic meter (m3) 
………………          (3)

RESULTS

Design Review 

From the five house types, eight typical 
window design types with varying sizes 
were identified (see Fig.4). These windows 
designs were categorised as casement, 
sliding and awning windows; hence, they 
were labelled ‘S’, ‘C’ and ‘A’ respectively 
(see Fig.4). Table 4 shows the window 
design, opening area and window/floor 
area percentage of the studied living spaces 
in each house type. 
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Table 4 clearly shows that house 
type 1 had the largest total window/floor 
area percentage (16.03%), followed by 
house type 5 (11.27%) and house type 
3 (10.33%). The remaining two house 
types (2 and 4) have total window/floor 
area percentages of 8.50% and 9.06% 
respectively, which were lower than 10% 
UBBL minimum requirement. In line 
with these results, it can be observed 
that some living spaces were provided 
with window/area percentage of less than 
10% minimum requirement. Five living 
spaces with the smallest window/floor 
area percentage were found in the living/
dining room of house types 3 (2.00%) 
and 4 (3.56%), the kitchen of house type 
2 (4.03%), the bedroom 3 of house type 

5 (4.88%), and the living/dining room of 
house type 2 (5.00%). On the other hand, 
only house type 1 had opening sizes larger 
than the minimum requirement; however, 
no opening was provided in the kitchen 
space of this house type (only kitchen 
in end house units were provided with 
openings).

Table 4 also reveals that none of 
the house types was provided with 
unobstructed opening, with the exception 
of the living/dining room space in  
house type 5. Nevertheless, the 
unobstructed opening provided for this 
space was only 1.44m2 or 4.61% of the 
living/dining room floor area, which is 
less than the UBBL minimum requirement 
of 5%. 

Fig.4: Eight typical window designs in all the house design types.



Pertanika J. Soc. Sci. & Hum. 23 (4): 885 – 904 (2015)

Natural Ventilation

895

TA
B

LE
 4

W
in

do
w

/F
lo

or
 A

re
a 

Pe
rc

en
ta

ge
 o

f t
he

 S
tu

di
ed

 L
iv

in
g 

Sp
ac

es
 in

 E
ac

h 
H

ou
se

 T
yp

e 

H
ou

se
 

ty
pe

s
To

ta
l l

iv
in

g 
sp

ac
es

 (m
2 )

Li
vi

ng
/d

in
in

g 
ro

om
M

as
te

r 
be

dr
oo

m
B

ed
ro

om
 1

B
ed

ro
om

 2
B

ed
ro

om
 3

K
itc

he
n

To
ta

l m
2  (

%
)

Ty
pe

 1
10

1.
07

W
in

do
w

 ty
pe

s
C

2
C

1
C

1
C

1
C

2
-

Pr
ov

id
ed

 o
pe

ni
ng

 a
re

a 
m

2 
(%

)
3.

78
 (1

0.
60

)
3.

78
 (2

3.
74

)
2.

16
 (1

2.
59

)
2.

70
 (2

0.
83

)
3.

78
 (3

9.
54

)
-

16
.2

0 
(1

6.
03

)

U
no

bs
tru

ct
ed

 o
pe

ni
ng

 
m

2 
(%

)
-

-
-

-
-

-

Ty
pe

 2
88

.9
7

W
in

do
w

 ty
pe

s
C

6
C

3
C

3
C

3
C

3
C

6
Pr

ov
id

ed
 o

pe
ni

ng
 a

re
a 

m
2 
(%

)
1.

44
 (5

.0
0)

1.
80

 (9
.2

4)
1.

44
 (1

1.
86

)
1.

44
 (1

0.
41

)
1.

44
 (2

8.
85

)
0.

36
 (4

.0
3)

7.
56

 (8
.5

0)

U
no

bs
tru

ct
ed

 o
pe

ni
ng

 
m

2 
(%

)
-

-
-

-
-

-

Ty
pe

 3
10

6.
53

W
in

do
w

 ty
pe

s
C

6
C

1
C

2
C

2
C

3
C

6
Pr

ov
id

ed
 o

pe
ni

ng
 a

re
a 

m
2 
(%

)
0.

72
 (2

.0
0)

2.
7 

(1
2.

96
)

2.
7 

(1
6.

66
)

1.
8 

(1
5.

46
)

1.
44

 (1
6.

16
)

1.
44

 (1
1.

09
)

11
.0

0 
(1

0.
33

)

U
no

bs
tru

ct
ed

 o
pe

ni
ng

 
m

2 
(%

)
-

-
-

-
-

-

Ty
pe

 4
86

.7
8

W
in

do
w

 ty
pe

s
C

4
C

5
C

3
C

3
C

5
C

6
Pr

ov
id

ed
 o

pe
ni

ng
 a

re
a 

m
2 
(%

)
1.

08
 (3

.5
6)

1.
80

 (1
3.

98
)

1.
44

 (1
1.

88
)

1.
44

 (1
1.

22
)

0.
90

 (1
2.

03
)

1.
2 

(1
1.

09
)

7.
86

 (9
.0

6)

U
no

bs
tru

ct
ed

 o
pe

ni
ng

 
m

2 
(%

)
-

-
-

-
-

-

Ty
pe

 5
10

2.
21

W
in

do
w

 ty
pe

s
C

2 
&

C
4

S1
&

C
3

S1
C

1
A

1
C

4

Pr
ov

id
ed

 o
pe

ni
ng

 a
re

a 
m

2 
(%

)
3.

60
 (1

1.
51

)
2.

70
 (1

4.
48

)
1.

80
 (1

1.
39

)
2.

16
 (1

3.
04

)
0.

36
 (4

.8
8)

0.
90

 (7
.1

7)
11

.5
2 

(1
1.

27
)

U
no

bs
tru

ct
ed

 o
pe

ni
ng

 
m

2 
(%

)
1.

44
 (4

.6
1)

-
-

-
-

-
1.

44
 (1

.4
1)



Pertanika J. Soc. Sci. & Hum. 23 (4): 885 – 904 (2015)

Ibiyeye, A. I., Mohd, F. Z. J. and Zalina, S.

896

TABLE 5
Air Changes Rates (ACH) Values When Windows Were Left Open at All Times

Living spaces Type 1 Type 2 Type 3 Type 4 Type 5

Living/dining room 7.96 1.65 1.39 2.79 11.54
Master bedroom 18.12 5.93 8.14 8.40 15.91
Bedroom 1 7.89 6.98 10.12 6.75 16.04
Bedroom 2 13.53 6.16 9.99 6.37 7.54
Bedroom 3 23.26 14.28 8.67 7.91 2.57
Kitchen 0.01 5.06 6.69 6.54 4.79
Total 10.47 5.03 6.15 5.58 10.84

TABLE 6
Air Changes Rates (ACH) Values When Windows Were Left Open Only During the Day Time (Between 
6:00 AM to 10:00 PM)

Living spaces Type 1 Type 2 Type 3 Type 4 Type 5

Living/dining room 5.23 1.07 0.91 1.79 8.72

Master bedroom 12.54 3.87 5.38 5.56 11.93
Bedroom 1 5.32 4.61 6.75 4.49 12.03
Bedroom 2 9.17 4.06 6.58 4.24 4.99
Bedroom 3 16.21 9.65 5.81 5.20 1.72
Kitchen 0.01 3.33 4.46 4.33 3.14
Total 7.11 3.31 4.08 3.68 7.97

Computer Simulation Results

From the results, the air change rate (ACH) 
for each room was calculated and the total 
ACH for all living spaces was deduced. 
Table 5 shows the results obtained when 
windows were left open at all times, whereas 
Table 6 shows the results obtained when 
windows were left open only during the 
day time (between 6:00 AM to 10:00 PM). 
Furthermore, Fig.5 shows the 3D images 
of the results generated from IES<VE> 
vistaPRO, the arrows in the figure indicate 
the volume of air flow in and out of openings 
in litres per second.

Results from Table 5 shows that 
house types with openings that are UBBL 
compliant (types 5, 1 and 3) exhibited higher 
ventilation rates (10.84, 10.47 and 6.15 ACH 

respectively) compared to the remaining two 
house types. It was surprising to note that 
house type 5 with the highest ventilation rate 
of 10.84 ACH, had an internal courtyard and 
a small percentage of unobstructed openings. 
As far as individual spaces were concerned, 
as shown in  Table 5, bedroom 3 in house type 
1 recorded the highest ventilation rate (23.26 
ACH), while the kitchen in house type 1 and 
living/dining room in house type 3 recorded 
the lowest ventilation rates (0.01 ACH and 
1.39 ACH respectively).

When results from both Tables 5 and 
6 were compared, it could be seen that the 
ACH values obtained when the windows 
were open at all times (Table 5) were higher 
than the ACH values obtained when windows 
were open only during the daytime (Table 6). 
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DISCUSSION

This study has revealed the natural 
ventilation provisions (i.e. window 
openings) and ACH of five selected terrace 
house design types, taking into account 
all living spaces, namely, living/dining 
room, master bedrooms, kitchen and other 
bedrooms. This study was conducted in 
order to fulfil three specific objectives 
which are: 1) to identify natural ventilation 
provisions in different house design 
types; 2) to reveal the extent to which 
these provisions conform to the UBBL 
requirements; 3) to measure the natural 
ventilation rates of the selected house 
design types through computer simulations. 

After identifying the natural ventilation 
provisions in all the house types in order 
to achieve the first objective, the results 
showed that only three house design types 
(1, 3 and 5) were provided with the required 
window opening area. Surprisingly, all 
house design types had no unobstructed 
openings installed, except house type 
5. Nevertheless, this provision was still 
below the 5% mandatory requirement. 
These findings are consistent with similar 
findings by Hanafiah (2005) and Ahmad et 
al. (2011), who revealed that the majority 
of Malaysia’s residential buildings were 
provided with window openings that do not 
fulfil the UBBL requirements. With this, 
the extent to which the provided provisions 
for natural ventilation conform to the 
UBBL requirements was revealed.

It might be surprising how the building 
designs were approved in the first place 
when some do not comply with the UBBL 

requirements. In the acquired submission 
drawings, all window sizes were indicated. 
These drawings showed that both the 
10% and 5% UBBL requirements were 
adhered to, hence, explaining the approval 
granted by the local authority. However, 
this was not the case when seen from 
the actual completed buildings on site. 
Taking the issue of the 5% requirement 
for example, Fig.4 (See ‘Result section’) 
shows the different window types in the 
studied houses. It can be seen that some 
windows have ‘awning’ window types on 
top while some have ‘fixed glasses’ below. 
In the acquired submission drawings, 
these (awning window and fixed glass) 
were indicated as the provisions to comply 
with the 5% requirement. According to the 
UBBL, the 5% opening is expected to be 
unobstructed (left permanently open) but 
these openings (awning window) are in 
fact operable, meaning they cannot be left 
permanently open. 

Expectedly, the sufficient provision 
of operable window area was reflected in 
the natural ventilation simulation results 
which fulfilled the study’s third objective. 
House types provided with openings in 
accordance with or higher than UBBL 
10% opening requirements were found 
to exhibit higher ventilation rates. This 
suggests that a larger opening area can 
potentially increase the ventilation rates of 
a space. This result is also echoed by Marr 
et al. (2012), who revealed that window 
opening, opening area and frequency of 
opening affect the rate of ventilation in a 
residential building. By the same token, 
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Hassan and Ramli (2010) argued that 
opening area on building walls should be 
maximised to create high air intake from 
outdoor into the indoor environment. 

The non-conformity of the opening 
areas to the UBBL 10% requirement could 
be due to negligence on the part of building 
designers. However, the avoidance of 5% 
unobstructed requirements could be due 
to the rising attempt at increasing energy 
efficiency with the use of mechanical 
cooling in buildings. This is supported by 
the findings of Kubota and Ahmad (2005b), 
Kubota (2006) and Kubota et al. (2009), 
that the majority of occupants installed AC 
in their homes. Furthermore, Nielsen and 
Drivsholm (2010) and Lee et al. (2012) 
explained that increasing energy efficiency 
with the use of mechanical cooling has 
resulted in houses being built to be air tight 
to prevent leakage of cool draft through the 
building’s skin. This (air tightness) would 
be an added advantage for those occupants 
who rely on AC as a means of achieving 
comfort in their homes. However, the 
rights of those occupants who rely solely 
on natural ventilation should not be denied. 

Among all the house design types, 
house type 1 had the largest operable 
window/floor area percentage (16.03%), 
followed by house type 5 (11.27% + 1.41% 
unobstructed opening). However, house 
type 5 exhibited the highest ventilation 
rates due to the fact that this house type 
was designed with an internal courtyard. 
This evidence suggests that such design 
strategy in Malaysian terrace houses can 
improve  natural ventilation rates. In 

addition, simulation results showed that 
ventilation rates were higher when the 
windows were open at all times compared 
to when windows were left open only 
during the daytime. The evidence gathered 
here suggests that opening windows during 
both daytime and night time can potentially 
improve the ventilation rates of a space. 
In other words, the longer the duration of 
windows being left open, the higher the 
ACH delivered into a space. This finding 
reinforced the argument by Marr et al. 
(2012) that an increase in the frequency of 
opening windows in residential buildings 
will increase the rate of ventilation. 
According to Lee et al. (2012), this 
phenomenon leads to a healthy indoor 
environment. 

Although having windows open  
during the day and at night is desirable, 
according to Rijal et al. (2007), Andersen  
et al. (2009) and Fabi et al. (2012),  
occupants are more likely to open their 
windows only during the daytime as the 
indoor temperature gets hot due to high 
outdoor temperature. Occupants should 
therefore be encouraged to open their 
windows during the night as well because at 
this period of time, the outdoor temperature 
is much lower than indoor temperature. 
According to Kubota et al. (2009), 
night ventilation reduces both indoor air 
temperature and nocturnal air temperature 
by 2.50C and 2.00C respectively. Hence, it 
is sensible to suggest that opening windows 
during the night to let in cool outdoor 
breeze is more effective than opening 
windows only during daytime in order to 
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improve ventilation rate. However, results 
from Kubota and Ahmad (2005) indicate 
that insects and security issues are the 
major reasons why occupants of terraced 
houses do not open their windows during 
the night.

CONCLUSION AND 
RECOMMENDATIONS

In this paper, the natural ventilation 
provisions of living spaces in five selected 
terrace house design types in Precincts 
11 and 14, Putrajaya were investigated 
to see whether these provisions are 
compliant with the UBBL requirements. 
Furthermore, computer simulations using 
the IES software were conducted to find 
out the delivered ventilation rates through 
each opening type. Eight window types 
were identified in all the house types; 
these window types varied in their sizes, 
patterns and locations within the house. In 
revealing the extent to which these window 
types conform to the UBBL requirements 
in respect to their opening area, two out of 
the five terraced house types have operable 
opening areas that are not in accordance 
with the law requirement of 10%. In 
addition, all house types totally ignore the 
requirement of 5% fixed opening. Further 
analysis into the performance of the 
natural ventilation provisions shows that 
house types with openings that are UBBL 
compliant turned out to exhibit higher 
ventilation rates than house types with non-
compliant openings. More importantly, 
it turned out that a house type with an 
internal courtyard and installed with both 

fixed openings and operable (with sizes 
that are in accordance with UBBL) had the 
highest ventilation rate. 

Hence, larger opening areas as well 
as longer duration of opening windows 
contributed to higher ventilation rates, 
which in turn led to a healthy indoor 
environment. A large opening area as 
stipulated in the UBBL (both 10% window 
area and 5% uninterrupted fixed area) are 
essential for efficient exchange of air from 
outdoor to the internal environment. In 
addition, ventilation rates supplied into a 
space can further be improved if occupants 
utilise window openings not only during 
the daytime but also at night.

 It is recommended that future housing 
designs should incorporate maximum 
use of wall area to provide window 
openings that are large enough to admit 
considerable amount of air needed for 
adequate ventilation. However, in order 
to achieve maximum compliance to the 
stated by-law governing the opening 
areas, the by-laws should be strictly 
enforced by the government agencies on 
builders and designers during both design 
and construction stages. Furthermore, 
since insects and security are the major 
reasons for not opening windows at 
night, it is recommended for devices 
such as iron grilles and insect nettings to 
be incorporated within the opening space 
without jeopardising the flow of air in and 
out of the indoor environment.

Findings in this paper have implications 
for the regulatory stakeholders, designers 
and the clients of residential building sector 
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in three ways: 1) they increase awareness 
of the importance of unobstructed opening 
designs on the quality of indoor environment 
and health of occupants; 2) they emphasise 
the need to increase the duration of opening 
windows and to embrace night ventilation 
as a means of improving natural ventilation 
in homes; and 3) they highlight the need 
for an effective enforcement of UBBL 
compliance for the purpose of building 
approvals.

As this research is only based on five 
different terraced house design types in 
Putrajaya, a more comprehensive study 
is recommended to assess the general 
ventilation provisions in the Malaysian 
housing sector as a whole. Since the 
results are purely based on computer 
simulation, it is highly recommended for 
physical measurements to be conducted 
to validate the results of this study. Future 
work should be done to include residential 
natural ventilation improvement that will 
incorporate other architectural features and 
environmental factors. 
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